The protein encoded by the zebrafish gene svp [40] belongs to a distinct group within the steroid hormone receptor superfamily that includes Drosophila seven-up and several vertebrate orphan receptors. Svp[40] shares a particularly high degree of amino acid sequence identity (-86%) with the mammalian transcription factors ARP-1 and COUP. The gene is expressed in specific regional and segmental domains within the developing brain. Correspondence between this expression pattern and early sites of neuronal differentiation and axonogenesis in the rostra1 brain may reflect an involvement in neural patterning. During the early embryonic stages when hindbrain rhombomeres are formed, a segmental expression pattern is established as a step gradient. The single steps of this gradient coincide directly with the four anteriormost segments suggesting a role in controlling rhombomere-specific expression of genes contributing to cell differentiation in the hindbrain. Since COUP/ARP-1 and retinoic acid receptors (RARs/RXRs) are known to have similar DNA-binding specificities, different levels of Svp[40] might modulate retinoid signaling through competition for binding to specific RAREs in the promoters of target genes. Treatment of zebrafish embryos with retinoic acid affects the svp[40] step gradient and causes an elimination of a regional expression domain in the retina. These observations are consistent with svp [40] being an integral part of the retinoid signaling network during hindbrain and eye development.
Introduction
An increasing number of nuclear receptors have been found to play important roles during embryogenesis.
In vertebrates, the most convincing evidence for such developmental regulatory functions exists for the retinoic acid (RARs) and retinoid X receptors (RXRs). Members of these two groups are proposed to mediate the pleiotropic effects of retinoic acid (RA) and other retinoids on embryonic development (Eichele, 1989; Leid et al., 1992; Linney, 1992; Mangelsdorf et al., 1992; Lohnes et al., 1993) . It was demonstrated that retinoids contribute to limb patterning and anterior-posterior (AP) specification of both neurectoderm and somitic mesoderm (Kessel and Gruss, 1991; Tabin, 1991; Marshall et al., 1992) . RARs and RXRs are differentially activated by various reti-noids, and RAR:RXR heterodimers mediate responses to their ligands by binding to specific DNA target sites, RA response elements (RAREs) (reviewed by Leid et al., 1992) . Although the similarities in ligand-and DNA-binding specificities observed for RAR and RXR proteins suggest a close evolutionary relationship, it appears that the RXR subfamily is more related to another group of nuclear receptors including mammalian COUP and ARP-1 as well as Drosophila seven-up (svp) (Laudet et al., 1992) . The DNA-and ligand-binding domains of the Drosophila Svp protein, which is required for the development of the embryonic CNS and specific photoreceptor cells of the eye (Mlodzik et al., 1990) , are virtually identical (>92%) to the corresponding parts of COUP and ARP-1 (Wang et al., 1989; Ladias and Karathanasis, 1991) . Despite the high degree of conservation in the presumptive ligandbinding domain, no ligand has yet been identified for the Svp/COUP/ARP-1 group of orphan receptors which com-prises at least two additional vertebrate members (Miyajima et al., 1989; Fjose et al., 1993) . DNA-binding studies with COUP and ARP-1 demonstrated that they bind with high affinity to RAREs of certain RA-responsive genes (Kliewer et al., 1992; Tran et al., 1992; Widom et al., 1992) . Natural RAREs contain direct repeats (DRs) of the hexamer AGGTCA with one to five base pair (bp) spacings .
COUP/ARP-1 homo-and heterodimers can bind to all these sites, but have highest affinity to DRl sequences (Kliewer et al., 1992; Tran et al., 1992; Widom et al., 1992; Green, 1993) . The COUP and ARP-1 proteins appear to act as repressors by direct competition for binding sites or possibly by heterodimerization with RXRs. Thus, the Svprelated proteins may have a general role in modulating retinoid signaling and other ligand-induced responses (Kliewer et al., 1992; Tran et al., 1992) .
to the Drosophila svp gene ( Fig. 1 ; Fjose et al., 1993) . Using the potential translational initiation site at position 340, the N-terminal sequence (MAMVV) of the predicted protein is identical to other members of the svp group. Alignment of the putative Svp [40] sequence with other Svp-related nuclear receptors reveals a high conservation between these proteins (Fig. 2) . When subdivided into the four major domains generally recognized for the nuclear receptor superfamily (Laudet et al., 1992) , the DNAbinding (C) and putative ligand-binding (E) domains of the Svp-like proteins display a remarkable degree of sequence identity (>90%; Figs. 2 and 3A) . Within the A/B domain implicated in transactivation and the hinge region (D) separating the DNA-and ligand-binding domains, levels of homology between the various members of this group are quite variable (15-94%; Fig. 3A ).
Several lines of evidence suggest that Hex genes are targets of retinoid signaling pathways. Functional RAREs have been identified in three murine Hox genes (Langston and Gudas, 1992; Papper and Featherstone, 1993; Studer et al., 1994) , and within the Hex complexes the individual genes display differential RA responses that correlate well with their 3'-5' location and the AP positions of their expression boundaries (Simeone et al., 1990; Mavilio, 1993) . Thus, the recent demonstration of a retinoid concentration gradient along the AP axis of Xenopus embryos (Chen et al., 1994 ) may in part explain why RA treatments cause anterior displacement of expression boundaries and concomitant homeotic transformations in somitic mesoderm and hindbrain segments (Kessel and Gruss, 1991; Marshall et al., 1992) .
Since the zebrafish COUP homolog (svp [44] ) and another svp-like gene (svp[46] ) both are segmentally expressed in the hindbrain (Fjose et al., 1993) , they may be regulated by the retinoid gradient and/or contribute to its interpretation.
Our analysis of a novel member of the vertebrate svp group, svp[40], which is closely related to both ARP-1 and COUP, provides further support for this proposal. We find that svp [40] is differentially expressed within transverse stripes in the anterior hindbrain during the stages of rhombomere formation. This pattern appears as a step gradient which has opposite orientation to the retinoid gradient observed in Xenopus embryos (Chen et al., 1994) , and is affected by RA treatment. We discuss the possible implications for the interpretation of retinoid signals during hindbrain development. In addition svp [40] expression correlates with neural patterning in the rostra1 brain, possibly reflecting a role in defining the first sites of neuronal differentiation and axonogenesis.
The overall amino acid sequence identity between Svp[40] and the mammalian ARP-1 and COUP proteins is very similar, 86% and 85%, respectively (Fig. 3A ). Despite this minor difference, phylogenetic tree analyses by the neighbour-joining method (Saitou and Nei, 19X7) , indicate a closer relationship between Svp[40] and ARP-I (Fig. 3B) . However, this does not necessarily imply that these two proteins are true homologues since the degree of sequence conservation is significantly lower than for zebrafish Svp[44] and its mammalian cognate COUP (96%; Fjose et al., 1993) . Moreover, chicken ARP-1 (or cCOUP-TFII) is almost identical to its mammalian counterpart (96%; Lutz et al., 1994) . Taken together, the sequence comparisons suggest that svp[40] is a novel vertebrate member of the svp group. The clear differences between the embryonic expression patterns of svp [40] (see below) and the chicken ARP-1 gene (Lutz et al., 1994) further support this conclusion.
Expression of svp[40] during early stages of neurogenesis and somitogenesis

Results
To investigate whether the extensive structural conservation between the Svp[40] and ARP-l/COUP/Svp [44] proteins also reflects closely related developmental functions, embryos of different stages were analysed by whole-mount in situ hybridization. Svp[40] transcripts are first detected in IO-1 1 h embryos shortly after completion of epiboly (not shown). By the 12 h stage (6 somites), a distinct area of strong expression is observed in the rostra1 brain primordium (Fig. 4A) . A dorsal view reveals that it consists of two separate regions: a transverse band located at the border between midbrain and diencephalon, and a diencephalic expression domain separated from the former by a constriction located just posterior to the optic vesicles (Fig. 4B) optic vesicles ( Fig. 4E ) and coincides with the forebrainmidbrain boundary where the tract of the posterior commissure (TPC) will form at a later stage (see below). The two subregions do not include the most dorsal parts of the brain and expression is not detected in the presumptive telencephahc region of the forebrain. In the optic vesicles, which are derived from the diencephalon, a low level of expression is present in medial and posterior parts (Fig.  4E ).
In the hindbrain the expression pattern undergoes dynamic changes. Svp [lO] transcripts are first detected shortly after the 12 h stage (not shown) and in 14 h embryos the expression level in the anteriormost part of the hindbrain is similar to the rostra1 domain (Fig. 4D ). Several transverse stripes of different staining intensities can be discriminated in this region of the hindbrain (Fig. 4G) . In 16 h embryos the expression levels are higher and the stripes more sharply defined (Fig. 41) , and it is likely that they correspond directly to the primordia of the six rostralmost hindbrain rhombomeres (rl-6). This is supported by the morphological correlations observed at later developmental stages when rhombomeres have become visible (Figs. 5B and 6B, D, F) . Notably the reduction of expression levels observed in rhombomeres l-4 appears as a step gradient in 14-16 h embryos and throughout later stages (see below).
At the 12 h stage, a second site of svp [40] expression is detected in the somitic mesoderm (Fig. 4A,C) . The hybridization signal is lower than in the rostra1 brain and expression is restricted to the anterior parts of somites 3-6 (Fig. 4C ). Weaker expression is present in the same somitic region of 14 h embryos ( Fig. 4D ). At the 16 h stage (14 somites), transcripts are detected in the anterior halves of somites 6-10 (not shown). During later somitic development this expression gradually disappears. This spatiotemporal pattern is reminiscent of the mesodermal expression of svp [46] which correlates with the posteriorly directed wave of somitogenesis (Fjose et al., 1993) .
The svp[40] and svp[44] genes have overlapping CNS expression domains
The early regional and segmental expression patterns observed for svp [40] (Fig. 4 ) have several features in common with the spatiotemporal patterns described for the zebrafish COUP cognate svp[44] (Fjose et al., 1993) . Direct comparisons between the expression patterns of these two genes in 20 h embryos show that they are both expressed within areas in the rostra1 brain including parts of the midbrain, diencephalon and telencephalon ( (Ladias and Karatbanasis, 1991) . COUP (Wang et al., 19X9) , Drosophila Svp (the isoform 1 is shown; Mlodzik et al., 1990) and the zebrafish proteins Svp[44] and Svp[46] (Fjose et al., 1993) . The tirst 108 amino acids of Drosophila Svp are not included. Three or more identical amino acids are boxed in black. Similar residues are boxed in grey. The following amino acids were considered to be similar: E,D; V,L,I,M; A,G; F,Y,W; S,T; Q.N. Gaps arc indicated by dots. The extent of the DNA-binding domain is highlighted with a bar above the sequence alignments. produced by the neighbour-joining method (Saitou and Nei, 1987) . extends further dorsally. Additional differences are visible in the diencephalon where the level of svp[40] transcripts is higher and more uniform.
In the hindbrain, svpf40] expression correlates with the rhombomere formation in 14-16 h embryos (Fig. 4 ) similar to svp [44] (A. Fjose, unpublished data) . Although the segmental expression patterns of both genes are different at the 20 h stage (Fig. 5B,D) , their anterior borders coincide with the boundary between the first rhombomere and the cerebellum. Svp[lO] is expressed as a step gradient with specific levels in each of the first six rhombomeres (Fig. 5B) . In contrast, the hindbrain expression of svp [44] in rl-6 is relatively uniform apart from some minor changes of the levels at the r2/r3 and r4/r5 boundaries (Fig. 5D) . Moreover, the posterior expression borders of the two genes are different. For svp [40] it sharply coincides with the r617 boundary (Figs. 5B and 6B), while the level of svp [44] transcripts is gradually reduced in r7 ( Fig. 5D ; Fjose et al., 1993) .
Both genes are expressed in similar areas of the eye cup. However, svp [40] transcripts are detected in a wider region of the retina than svp [44] (Fig. 6C ) and already in 14 h embryos (Fig. 4E) , while svp [44] expression in the eyes is not significant until the 20 h stage (Fjose et al., 1993) . In the mesoderm the expression patterns differ more than in the CNS. While svp [40] is transiently expressed in somites (Fig. 4) (Fig. 6A,G) .
The spatial relationship between svp[40] expression and the patterns of neural differentiation and axonogenesis in the rostra1 brain was investigated in 24 h embryos double labelled with the monoclonal antibody zn-12 (Metcalfe et al., 1990) . The tract of the posterior commissure (TPC) Iabelled by zn-12 follows a dorsoventral pathway in the region of reduced svp[40] expression localized just anterior to the tegmental stripe (Fig. 6E) . Interestingly, the neuronal cluster from which the TPC axons are known to be pioneered at the 20-22 h stage (Chitnis and Kuwada, 1990; Wilson et al., 1990) , is located in a ventral area of the anterior tegmentum where svp [40] is not expressed (Fig. 6A,E) . The same neuronal cluster projects axons posteriorly along the ventral border of the tegmental svp[40] stripe, generating the medial longitudinal fasciculus (MLF). In a similar way, the tract of the postoptic commissure (TPOC) follows a pathway near the ventral delineation of the svp[40] expression domain (Fig. 6E) . At an earlier developmental stage, close to the time when the TPOC is pioneered, this ventral border is sharply defined (Fig. 4H) . Another correlation between neural patterning and expression is seen in the telencephalon where the dorsoanterior limitation of the svp[40] domain directly abuts a band of differentiating telencephalic neurons (Fig. 6E) .
In 22-23 h embryos the segmental pattern of svp[40] expression in the hindbrain (Fig. 6B,D) , including the step gradient, is similar to earlier stages (Figs. 41 and 5B) and morphological correlations confirm that the individual stripes correspond directly to rhombomeres. The stripes proposed to represent rl and r5 are appropriately located relative to the cerebellar primordium and the otic vesicles, respectively (Fig. 6D) . In addition, a side view of the hindbrain demonstrates how changes in expression levels coincide directly with the furrows separating the rhqmbomeres (Fig. 6B) , and double Iabelling with the zn-12 antibody reveals the location of clusters of reticular neurons at the predicted rhombomere centres ( Fig. 6F ; Trevarrow et al., 1990; Hatta, 1992 tral-and hindbrain regions (Fig. 7A,B) . Compared to untreated embryos (Fig. 41) , the svp[40] expression domain in the hindbrain is somewhat shortened (Fig. 7B ) and the rhombomere-associated step gradient is replaced by a rather low and uniform level of expression.
At the 24 h stage, significant effects of RA treatment are observed only in the hindbrain (Fig. 7D) . The length of the svp[40] labelled domain is clearly reduced and the step gradient of expression correlating normally with the rhombomeres is not observed. Nevertheless, the anterior and posterior borders of expression are appropriately located relative to the hindbrain-midbrain furrow and the otic vesicle, respectively. The changes of expression observed in the anterior part of the hindbrain could reflect a deletion and/or compression.
Comparable effects of RA treatment have been reported in zebrafish and other vertebrates (Holder and Hill, 1991; Papalopulu et al., 1991) .
Analysis of 16 h embryos exposed to lo6 M concentrations of RA revealed dramatic effects on svp[40] expression, both rostrally and in the hindbrain (Fig. 7E,F) . Although the forebrain and optic vesicles of these embryos are of normal size, the area and signal intensity of the rostra1 expression domain are strongly reduced. The stripe of expression normally present in the presumptive anterior midbrain, is almost completely abolished. In addition, svp [40] expression is reduced in posterior parts of the diencephalon and the optic vesicles, and eliminated in the hindbrain region.
In 24 h embryos, the anterior part of the rostra1 expression domain appears unaffected by RA treatment (Fig. 7G) . However, in the posterior diencephalic region and the midbrain the level of svp [40] transcripts is strongly reduced, partly reflecting a deletion of tissues in the anterior midbrain. Both in the hindbrain and the eyes, svp[40] expression is not detectable (Fig. 7H ).
Discussion
Svp[40] is a novel nuclear receptor of the
COUPIARP-I type
A remarkably high degree of sequence conservation (96.4%) was observed between Svp[44] and its mammalian cognate, COUP-TF (Fjose et al., 1993) . The zebrafish Svp[40] protein sequence described in this report shares about the same level of identity (8586%) with both ARP-1 and COUP. We therefore classify the zebrafish protein as a COUP/ARP-1 type nuclear receptor of the Svp group, but without a known cognate in mammals.
Since highly conserved homologs of COUP and ARP-1 have been identified in zebrafish and chicken, respectively (Fjose et al., 1993; Lutz et al., 1994 ) mammals could have a third gene of the COUP/ARP-1 type.
It is important to note that the DNA-and ligandbinding domains of the three subgroup members are almost identical (98-100%) while the N-terminal A/B regions share -35% sequence homology. This could imply that the main functional differences between these three nuclear receptors are located in the A/B domain. Experimental evidence supports the interpretation that ARP-1 and COUP can be functionally equivalent in some contexts. Gel retardation studies with various RAREs and other repeat orientations and spacings of the AGGTCA motif revealed that ARP-1, COUP and ARP-1:COUP heterodimers bind with the same relative affinities to each of these sequences (Cooney et al., 1992; Tran et al., 1992) . Moreover, direct correlations were observed between binding affinities of ARP-l/COUP and their repressing effect on RAR/RXR mediated responses in cotransfection experiments.
We have confirmed that the zinc finger-containing domains of the zebrafish Svp The in vitro studies have revealed considerable evidence that ARP-l/COUP are important negative regulators (Cooney et al., 1992; Tran et al., 1992) , but their role(s) as transcriptional activators is less clear. Although, the putative ligand-binding domain is highly conserved among all members of the Svp group, ligands for these nuclear receptors have not been identified. Features characteristic of activation sequences are present in the A/B domain (glutamine/proline content >28%) of all the ARPl/COUP type proteins (Courey and Tjian, 1988; Ptashne, 1988; Tanaka and Herr, 1990) . This supports the existence of transactivating functions similar to those that have been demonstrated for the corresponding N-terminal regions of other nuclear receptors (Leid et al., 1992) . More direct evidence for a positive regulator function was recently obtained for the murine COUP/ARP-1 proteins which appear to activate the neural-specific arrestin gene d, diencephalon; e, eye; LLF, lateral longitudinal fasciculus; m. midbrain; MLF, medial longitudinal fasciculus; o, otic vesicle; t, telencephalon; tg, trigeminal ganglion. Bars, 30pm. (Lu et al., 1994) . Also, it has been demonstrated that the neurotransmitter dopamine can activate COUP through an indirect signaIing pathway involving protein phosphorylation (Power et al., 1991) . Whether this is a general mechanism for activating Svp-related proteins is not known, but it will be of interest to correlate the neural distribution of dopamine with the expression patterns of these genes.
Svp[40] may contribute to several aspects of neural patterning and differentiation
Despite some temporal differences, the close correspondence between the spatial expression patterns of svp [40] and svp [44] in the embryonic CNS is likely to reflect conservation of cis-regulatory elements. Related expression patterns have also been observed for the chicken ARP-1 (cCOUP-TFII) and murine COUP genes, but a direct comparison with the zebrafish genes is not possible because equivalent early stages were not analysed in detail (Lutz et al., 1994; Qiu et al., 1994) . The structural conservation and similarities in neural expression patterns between svp[40] and other genes of the ARP-l/COUP type suggest some functional redundancy. However, they may exert different effects on downstream genes through their less conserved A/B domains and the ratios of these nuclear receptors in relation to homo-and heterodimerization could contribute to their regulatory potential.
In zebrafish, svp [40] , svp [44] and the more divergent svp [46] gene are all found to be expressed within parts of the developing eyes (Fjose et al., 1993) . Similarly, embryonic transcripts of the murine COUP gene and the chicken ARP-1 homolog are present in the eyes and optic stalk region, respectively (Lu et al., 1994; Lutz et al., 1994) . These expression patterns in the developing eye may reflect a functional conservation relative to Drosophila svp, but the observations are also intriguing as dopamine is the predominant catecholamine in the retina (Ehinger, 1983; see above) . Moreover, the correlation between COUP and arrestin expression in the differentiating retina of mouse embryos adds further evidence that this group of nuclear receptors has eye-specific developmental functions (Lu et al., 1994) . Double labelling with the zn-12 antibody, which stains the majority of early differentiating neurons and axons in the rostra1 brain of zebrafish embryos (Metcalfe et al., 1990; Trevarrow et al., 1990) , reveals several interesting correlations with the spatial distribution of svp/40] transcripts. Three major neuronal clusters and their axon tracts are located near expression borders of svp [40] . The rostra1 expression domains of several zebrafish members of the eph, forkhead, pax and wnt gene families also demarcate the positions of early neuronal nuclei and axon pathways (Krauss et al., 1991a; Wilson et al., 1993; Macdonald et al., 1994) . Accordingly, cells in the boundary zones of specific regional expression domains of both transcription factors (forkhead, pax) and signal transduction proteins (eph, wnt) are assumed to have distinct identities and cell surface properties that determine neuronal differentiation and axon guidance, respectively (Macdonald et al., 1994) . Our observations on svp [40] expression suggest the possibility that also nuclear receptors may participate in the regulatory network responsible for early neuronal patterning of the rostra1 brain, The rostra1 svp/40] expression domain consists of two regions separated by a constriction at the presumptive forebrain-midbrain boundary. Both in mice and chicken embryos segment-like subdivisions have been demonstrated for the forebrain at later developmental stages (Puelles and Rubenstein, 1993; Figdor and Stern, 1993) , and expression of the murine COUP/ARP-I genes appear to correlate with this pattern (Qiu et al., 1994) . However, it is controversial whether these subdivisions can be classified as true segments and a corresponding pattern of morphological units has not been identified in zebrafish (Ross et al., 1992; Macdonald et al., 1994) . Therefore, it is unclear whether the subdomains of svp [40] expression observed in the rostra1 brain at later stages (>20 h) reflect the existence of segments.
The prior to the generation of the rhombomere boundaries, the step gradients evolve simultaneously with this process. RARs/RXRs are thought to mediate the differential effects of a gradient of RA and/or related retinoid(s) in regulating Hox genes during early stages of hindbrain development (Marshall et al., 1992; Mavilio, 1993; Chen et al., 1994; Studer et al., 1994) . Usually the binding of RARs and RXRs to RAREs are implicated in positive regulation.
However, for the Hox-Bl gene a RAREcontaining &-element with a repressor function in rhombomeres 3 and 5 has been identified in addition to a RARE enhancer (Studer et al., 1994) . The positive and negative RAREs may have different sensitivity to retinoid concentrations and consequently levels between two threshold values would be necessary for expression. The levels of free molecules available for binding to the RARs/RXRs could, in part, be controlled by retinoid binding proteins such as CRABP I and CRABP II, which are also segmentally expressed in the hindbrain (Ruberte et al., 1992) . However, studies of mice deficient in both these proteins demonstrated that they are not critically involved in the retinoid signaling pathway (Lampron et al., 1995) . An alternative way of modulating the retinoid responses could occur by the competitive binding of Svprelated proteins and RARs/RXRs to the different types of 
Hox-A3
Hox-D3 Fig. 8 . Relationship between the segmental hindbrain expression patterns of rvp [40] and other genes that may be part of a retinoid signaling network. Rhombomeric differences in the expression level of svp [40] in 22 h zebrafish embryos am diagrammed schematically and do not directly reflect the relative intensities of the stripes. The pattern is compared to the known expression domains of CRABP I, RARcQi and several mammalian Hex genes at equivalent embryonic stages (Wilkinson et al., 1989; Murphy and Hill, 1991; Ruberte et al., 1992; Rrumlauf, 1993 and Svp [44] have strong affinities for the DRl and DR5 sequences known to be recognized by RXR homodimers and RAR:RXR heterodimers, respectively (T. Slagsvold, J.B. Lorens and A. Fjose, unpublished data).
somites takes into consideration that these nuclear receptars can act as repressors (Kliewer et al., 1992; Tran et al., 1992; Widom et al., 1992; Liu et al., 1993) . However, as some of these proteins are positive regulators in certain promoter contexts (Lu et al., 1994) and svp [40]/[44] are both regionally expressed in the rostra1 brain where retinoid signaling has no known function, they may have additional roles during embryogenesis.
The existence of a retinoid gradient with a IO-fold increase in (total) levels between anterior and posterior ends of the embryo was demonstrated for Xenopus (Chen et al., 1994) . It is likely that the variation in (total) retinoid concentration within the hindbrain is rather small (<3-fold). Such a shallow gradient is probably not sufficient on its own for the determination of expression domains of Hox genes and other developmental regulatory genes with rhombomere-restricted expression. In relation to this, it is striking that the anterior borders of the Hox-Bl, -B2 and -Al domains coincide directly with steps in the svp(401 gradient (Fig. 8) . Since Svp-like proteins could possibly enhance the effects of a shallow retinoid gradient through competition with RARs/RXRs for DNA-binding sites (Cooney et al., 1992; Tran et al., 1992) , one could speculate that the expression borders of the three Hex genes are partly determined by the levels of Svp[40] (and Svp[44] ). Alternatively, also consistent with the observed effects of RA treatment on svp[40] expression (see above), the retinoid signaling could be controlling the expression of the svp-like genes.
Experimental procedures
Cloning and sequerlce analysis
Isolation of the svp [40] cDNA from a lambda ZAP-II cDNA library and sequence determination was performed as described by Fjose et al. (1993) .
Embryos
Zebrafish were maintained and bred essentially as described by Stuart et al. (1988) at 28.5"C. Developmental age is given as hours after fertilization at this temperature.
In situ hybridization and immunohistochemical staining
In situ hybridization to whole-mou,nt embryos was performed according to Krauss et al. ( 1991b) . The protocols for tissue sectioning and double staining with the zn-12 antibody were the same as previously described .
Although svp/40] may contribute to the regulation of Hox genes, the step gradient seems to appear too late to be involved in the initial activation of these genes when rhombomere identities are first specified. In support of this assumption, the zebrafish pax [b] and hlx-1 genes, which have no functions in rhombomere specification, have been shown to have segment-specific expression patterns in the hindbrain at stages before the svp[40/ step gradient is established Mikkola et al., 1992) . Accordingly, svp(401 may act at a somewhat later stage in the refinement and/or maintenance of the hindbrain expression patterns of Hox and other genes contributing to rhombomere-specific differentiation.
RA treatment of embryos
Zebrafish embryos at the 10 h stage were transferred to 25 ml of 10% Hank's saline (137 mM NaCl, 5.4 mM KC], 1.3 mM CaC12, 1.0 mM MgS04, 0.25 mM NaHP04, 4.2 mM NaHCOs) containing lo-' M or 10m6 M all-truns-RA (Sigma) and incubated for 2 h. Embryos where then washed three times with equal volumes of 10% Hank's saline and left to develop further, until they were fixed for in situ hybridization. Control embryos of the same developmental stages were allowed to develop in 10% Hank's saline.
